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Method and System for Controlling Partial Pressure 
in an Intake Manifold of an Engine 



TECHNICAL FIELD 

This invention relates generally to methods and systems for controlling the partial 
pressure of air in an intake manifold of an engine. 

BACKGROUND AND SUMMARY OF THE INVENTION 

As is known in the art, the mass of air, or cylinder air charge, inducted into each 
cylinder of an internal combustion engine must be known as precisely as possible in order to 
match the air mass with an appropriate mass of metered fuel. Placing sensors at the intake 
port of each cylinder is technically very difficult and expensive. Instead, a sensor is typically 
located either inside the intake manifold or at the throttle opening into the intake manifold. 
A physics model is then used to estimate the air mass propagation through the intake 

manifold into each cylinder. 

Two types of the above-described sensors are typically employed in internal 
combustion engine, One type is a manifold absolute pressure (MAP) sensor. An estimation 
algorithm treats the manifold pressure as an input to the system and uses mapped engine data 
and engine speed to estimate air flow into the engine cylinders. The other type of sensor is a 
relatively expensive mass air flow (MAF) sensor used to directly measure mass air flow at 
the throttle body. For the MAF based system, fresh air from the throttle is directly measured. 
EGR gas content is left out of the cylinder port air charge estimation. Other air flows not 
from the throttle (via vacuum lines from the brakes, canister purge system, etc.) are not 
accounted for by the MAF measurement and must be accounted for by other means. 

The MAP sensor measures the absolute pressure in the intake manifold and thus 
incorporates the air flow from all sources. Difficulties arise, however, when gases other than 
air are introduced into the intake manifold. For the MAP based system (often referred to as a 
speed density system), gases other than air, such as the deliberately introduced exhaust gas 
(referred to as EGR or exhaust gas recirculation), increase the manifold pressure. These gases 
should not be matched by fuel. However, the MAP sensor cannot distinguish between fresh 
air and EGR. Thus, EGR mass in the intake manifold must be measured or estimated. 



More particularly, control of the partial pressure of air has to be achieved under 
uncertainties in the EGR flow. These uncertainties are due to the soot deposits in the EGR 
valve conduit and the fact that the exhaust pressure and temperature are not measured. 
Additionally, air is present in the EGR flow during lean operation and this air needs to be 
accounted for in the partial pressure of air estimate. 

In accordance with the present invention, a method is provided for controlling partial 
pressure of air in an intake manifold of an engine. The engine has an intake throttle device 
for controlling a flow of air to the intake manifold. An EGR valve is provided for controlling 
a flow of exhaust gas from the engine to the intake manifold downstream of the intake 
throttle. The engine has at least one cylinder fed a flow comprising air passing through the 
throttle to the intake manifold and exhaust products passing through the EGR valve to the 
intake manifold. Both the air through the throttle and the exhaust gas products in the intake 
manifold are passed as a combined flow to the intake manifold and then to the at least one 
cylinder. The method includes: specifying a dynamic reference model for the desired partial 
pressure of the air as a function of time; and controlling the flow through the intake throttle 
device in accordance with an estimated EGR flow obtained by a dynamic observer and an 
estimate of partial air fraction in the exhaust gas products. 

In one embodiment, the partial air fraction is estimated in accordance with intake to 
exhaust delay and fuel injection to exhaust delay. 

In one embodiment the dynamic observer does not require information of engine 
exhaust temperature, engine exhaust pressure, or EGR valve position. 

According to the present invention, there is provided a method controlling partial air 
pressure in an intake manifold of an engine. The engine has an intake throttle device for 
controlling a flow of air to the intake manifold. An EGR valve is provided for controlling a 
flow of exhaust gas from the engine to the intake manifold downstream of the intake throttle. 
The engine has at least one cylinder fed a flow comprising air passing through the throttle to 
the intake manifold and exhaust products passing through the EGR valve to the intake 
manifold. Both the air through the throttle and the exhaust gas products in the intake 
manifold are passed as a combined flow to the intake manifold and then to the at least one 
cylinder. The method includes: calculating the desired partial pressure of air dynamically, as 
a function of time in accordance with a reference model, estimating the flow of exhaust gas 
products passing through the EGR valve to the intake manifold from engine operating 



parameters; estimating the air fraction in the estimated flow of exhaust gas products passtng 
through *e EGR valve to the intake manifold; determining the partial pressure of atr m the 
intake manifold from such estimate of the flow of exhaust gas products and such esttmate of 
the air fraction; and, adjusting the intake throttle device in accordance with a dtfference 
between a desired partial pressure of the air in the intake manifold and the determined partta. 

pressure of air in the intake manifold. 

In a preferred embodiment of the invention, the estimate of the flow of gas products 
passing through the EGR valve comprises providing such estimate in accordance with an 
open loop estimator. 

In accordance with the ptesent invention, a method is provided for controlling partial 
air pressure in an intake manifold of an engine. The method inelndes estimating partial air 
pressure in intake manifold based on open loop observer and estimated partial air fraction « 
the flow of exhaust to the intake manifold. 

The details of one or more embodiments of the invention are set forth in the accompa- 
nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

The single figure is a schematic diagram of an engine system having control of partial 
air pressure at an intake manifold thereof. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, a gasoline engine system 10 is shown to include an engine 
block 16 is shown having for example, four cylinders 18. Each of the combustion chambers 
18 includes here for example direct-injection fuel injectors 20. The duty cycle of the fuel 
injectors 20 is determined by the engine control unit (ECU) 24 and transmitted along sxgnal 

line 22. . 

The engine system 10 has an intake throttle device 49 for controlling a flow of air to 
an intake manifold 26. An EGR valve 12 is provided for controlling a flow of a portion of 
exhaust gas (shown by arrow 31) passing from the engine to the intake manifold 26 
downstream of the intake throttle 49. The portion of the exhaust gas passing through the 



EGR valve 1 2 is indicated by arrow 32. The cylinders 1 8 are thus fed a flow comprising air 
passing through the intake throttle device 49 to the intake manifold 26 and the portion of the 
exhaust gas products passing through the EGR valve 12 to the intake manifold 26. Both the 
air through the throttle 49 and the exhaust gas products in the intake manifold are passed as a 
combined flow to the cylinders 1 8, such combined flow being indicated by the arrow 35. 

The EGR system is provided to reduce the level of NOx emissions. The EGR system 
comprises the EGR valve 12 disposed in a conduit 33 connecting the exhaust manifold 28 to 
the intake manifold 26. This allows a portion of the exhaust gases to be circulated from the 
exhaust manifold 28 to the intake manifold 26 as described above. It is noted that the flow of 
exhaust gas though the EGR valve 12 is a function of the pressure across such valve 12 m 
addition to the electrical signal provided to the valve on line 46 from the ECU 24. Here, 
there is no pressure sensor at the input to the EGR valve 34 (i.e., in the exhaust mamfold 28). 
The electrical signal on line 46 is produced by the ECU 24 from relationships stored a prion 
in the ECU 24 in accordance with a computer program stored in a memory 25 in the ECU 24. 

All of the engine systems, including the EGR valve 12, fuel injectors 20, intake 
throttle device 49 are controlled by the ECU 24. For example, signal 46 from the ECU 24 
regulates the EGR valve 12 position and a signal on line 47 controls the position of the mtake 
throttle device 49. 

In the ECU 24, the command signal 47 to the intake throttle device 49 will be 
described in detail below. Suffice it to say here, however, that the signal on line 47 for the 
intake throttle device 49 is produced by the ECU 24 to provide a desired partial an pressure 
in the intake manifold 26. Additional sensory inputs are also received by the ECU 24 via 
lines 62 along with: engine intake manifold temperature, TEMP, as measured by temperature 
sensor 50 which produces a signal on line 52; mass air flow, MAP, to the intake throttle 
device 49 as measured by flow sensor 59 which produces a signal on line 61; mass air 
pressure (MAP) as measured by intake manifold pressure sensor 58 which produces a signal 
on line 52; and engine speed which is fed to the ECU 24 as the signal, n e „ etc. Additional 
operator inputs 68 are received along signal 70 such as the accelerator pedal position. 

As will be described in more detail below, a set of control instructions or code are 
stored in a memory 25 in the ECU 24. Execution of the stored code by the ECU 24 results in 
a method being performed which estimates the flow of exhaust gas products passing through 
the EGR valve 12 to the intake manifold 26 from engine operating parameters; estimates the 



air fraction in the estimated flow of exhaust gas products passing through the EGR valve 12 
to the intake manifold; determines the partial pressure of air in the intake manifold 26 from 
such estimate of the flow of exhaust gas products and such estimate of the air fraction; and, 
adjusts the intake throttle device 49 position in accordance with a difference between a 
desired partial pressure of the air in the intake manifold and the determined partial pressure 
of air in the intake manifold. The estimate of the flow of gas products passing through the 
EGR valve 12 provides such estimate in accordance with an open loop estimator to be 
described. 

It should first be noted that the following notation is used herein, reference being 
made to FIG. 1 : 

a denotes an estimated value of an engine operating parameter; 

t k is the time of a sample of the parameter; 

dl is the period between samples of the parameter; 

T, is the temperature measured in the engine intake manifold (i.e., the signal 

TEMP on line 60); 

W lh is the mass air flow measured through the engine intake throttle (i.e., the 
signal MAF on line 61); 

Wcyi is the total flow into a cylinder of the engine; 

W^air is the partial flow of air into a cylinder of the engine (estimated in a 
manner to be described below); 

W egr is the exhaust gas recirculation (EGR) flow (estimated in a manner to be 

described below); 

x is the air fraction in the exhaust gas of the engine (estimated in a manner to be 

described below); 

Vim is a priori measured intake manifold volume; 
V d is a priori measured cylinder displacement; 

P air is the partial pressure of air measured in the intake manifold (i.e., the MAP 

signal on line 52); 

? air4 is the desired partial pressure in the intake manifold 26; 

p =p air +Pb g (where p air is the total pressure in the intake manifold mdp bg is 
the partial pressure of burnt gas in the intake manifold); 

n e is measured engine speed in revolutions per second; 



t/ v is engine volumetric efficiency; 
Aft is fuel injection to exhaust delay 
A i0 is intake to exhaust delay 
R is the gas constant 

To maintain good engine performance it is desirable to have a well-controlled partial 
pressure of air response in the intake manifold 26. The desired response for the partial 
pressure of air is here defined by a reference model, here a first order system: 

Pa, ('*+, ) = Pair <f k ) + dT{- X • { Pair (f k ) - P a ir,d )) 0) 

where; 

p air is the actual partial pressure in the intake manifold 26; and 
/Wis the desired behavior of partial pressure of air in the reference model, as 
presented above in equation (1). 

In order to achieve this desired partial pressure, /w the intake throttle 49 is adjusted 
to provide the following air flow through such throttle 49: 

w*A'*> RT( t k) 

In order to determine W,Uh) from equation (2), while the following parameters are 
known: V M , R, Tmd, as will be described, K an estimate of X> W egr . and p air are 

determined as described below. 

Given this desired flow rate of air through the throttle, W th , d we backtrack the desired 
throttle device 49 position to provide this flow and set the throttle device 49 to that position 

via the signal on line 47. 

The parameter X is adjusted to ensure the desired shape of the engine torque 
response. A larger X provides faster torque response; however, very large X s should not be 
used since fast torque response may cause driveline oscillations and other driveability 
problems and also may cause the estimators employed throughout perform poorly (i.e., not be 
able to track or catch up with a fast engine behavior). 

The estimates of W^r, X, W egr . and p alr are determined as follows: 

(1) Determine throttle flow, W th , by estimates thereof or by measuring the 
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mass air flow (MAF) with MAF sensor 59, as indicated in FIG. 1 

(2) Estimate or measure the intake manifold pressure p(t) with a MAP sensor 
50 as indicated in FIG. 1; 

(3) Estimate cylinder flow W^ftd at the present sampling time instant, t k , in 

accordance with: 

* „ , .n t (t k ) p(t k ) 

where: 

rjSh) = nMeihlPih)) is volumetric efficiency obtained from a 
look-up table or a regression equation 

(4) Determine the estimate of the EGR flow in accordance with the 
following: 

It is first noted from FIG. 1 that the amount of air flow in the exhaust 
gas returned to the intake manifold through the EGR valve is X * W egr , where, as noted 
above, W egr is the total exhaust gas recirculation flow and X is air fraction in the exhaust 
gas. Here, estimates are made of the air fraction in the exhaust gases by making estimates of 
X and Wegr in accordance with: 

max j W cylair [t k - A, J ^J~F) J 

where: 

(AJF)s is the stoichiometric air-to-fuel ratio (approx. 14.64), and 



w m if k ) = )-y p<f* )) ' res P ectivelv ' 

eg RT(t k ) 

where 6 is an open loop estimator state which is updated in accordance with: 
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e(t M ) = e(t k ) + dT 



-Ye{t k )-Y^^{W lh {t k )-W cyl (t k )) + Y 2 p{t k ) 
The estimate of the partial pressure of air in the intake manifold is given by: 
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Having detennined the desired throttle flow, W th , d as function of /W accordance 
with equation (2), the intake throttle device 49 position signal on line 47 is set as a function 
of p{t k )lpamb and W th , d \o match W th , d 

a th =A-\W lK Jf lh ^V^), 



Pamb 



amb 



where A is the throttle position to throttle effective flow area (geometric flow area 
times the discharge coefficient) map, A~ x is its inverse, or,, is the throttle position, ,T amA isthe 
ambient temperature, p am b is ambient pressure and 
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,x<0.5, 



2r 



1-X 7 



,x>0.5 



where y = \A 

The EGR flow is controlled with EGR valve 12 via the signal on line 46 while the 
fuel and spark are adjusted as desired with the remainder of the control system. 

In summary, the method described above combines an estimator for the EGR flow 
that uses intake manifold pressure and throttle flow measurements, with an open-loop 
estimator for the air fraction in the exhaust gas. This EGR flow estimator provides a robust 
way of estimating the EGR flow in presence of significant uncertainties in the EGR valve 
conduit. The controller for the electronic intake throttle device is then developed to enforce 
the desired response of the partial pressure of air estimate. 

A number of embodiments of the invention have been described. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the following 
claims. 
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